Otoliths of cultured sea bass and ambient waters were sampled from 24 fish cages and ponds in Malaysia to investigate the contents of Sr, Mg, Ba, Cd and Zn. The following elements content in otolith and water were analysed with Inductively Coupled Plasma Mass Spectrometer (ICP-MS) and/or Atomic Absorption Spectrometer (AAS) to determine the anthropogenic impacts based on the grouping characterisation of the sampling locations. Three groups i.e. A, B and C were characterised according to the least, intermediate and high anthropogenic impact to otolith elemental content. The Enrichment Factor (EF) and Metal Pollution Index (MPI) were calculated to determine the pollution source and level. The content of Ba in otolith was found positively related with the salinity variation and Ba content in water. Elevated content of Zn in otolith and water was found in group A suggesting that oil leaking from tourist boating activities effects exceed the urbanisation and industrialisation impact. EF Zn support the enrichment of Zn in waters which exceed the recommended level. MPI showed that group A > C > B and support that tourism activities affect the pollution level and indicate otolith functioned as pollution indicator. Highest EF Cd suggested Cd incorporation onto otolith despite of the low content of Cd in water. The sequence of the elements content in otolith and water are Sr > Mg > Zn > Ba > Cd and Sr > Mg > Ba > Zn > Cd respectively.
Introduction
Coastal areas in Malaysia are often residential centres that have developed rapidly thus experiencing a sudden increase of urbanisation that contributes to increasing pollutants in the aquatic environment [1] . In Malaysia, the increased pollutant input to aquatic environments is basically derived from anthropogenic activities; mainly agro-based and manufacturing industries, animal husbandry and sewage [2] . The anthropogenic source of heavy metal pollutants such as Cd and Zn in coastal waters were found elevated in adjacent to the industrial estates and urban [3] and ports [4] . In conjunction with the increasing water pollution level in these areas, several studies have been conducted to indicate the coastal waters pollution in cultured and wild organism. Several organism such as green-lipped mussel, Perna viridis [5] , blood cockle, Anadara granosa; shrimp, Penaeus merguiensis and catfish, Arius maculatus [6] have been used to as biomonitoring agent for heavy metals pollution in Malaysia. However, few studies have been done to indicate the trace metal content in the cultured or wild sea bass especially by elemental content of otoliths [7, 8] .
Lates calcarifer or commonly known as sea bass is a catadromous fish extensively cultured along the estuaryies and littoral zone of Malaysian coastal waters. Therefore, cultured sea bass have been exposed to the salinity variation and contaminants either from land-based or sea-based sources and influence the ambient water content in the sea bass rearing waters.
Otoliths are located in the cranium cavity near the fish brain and these aragonite structures of CaCO 3 grow continuously throughout fish life time. The trace metal elements such as Sr, Mg, Ba were permanently incorporated onto otoliths through the substitution of Ca 2+ into the chloride cell of gills in hyperosmotic fish [9] through the biomineralisation process. The biomineralisation process is affected by both physiological [10] and environmental variables such as salinity, temperature, diet and ambient elemental concentration [9] . The elemental content of otolith have been used to distinguish fish migration [11] , fish stock discrimination [12] and to a lesser extent as an indicator for anthropogenic pollutants metal [7, 13] . Leakey et al. (2009) [14] suggest that whole otolith elemental analysis can be used to discriminate the juvenile of sole (Solea solea), whiting (Merlangius merlangus) and European seabass (Dicentrarchus labrax) while Milton & Chenery (2001) [7] concluded that the uptake of waterborne Cu, Pb and Sr in sea bass otolith were minimal. Previous studies investigated Zn content in pink snapper (Pagrus auratus) correspond with the contaminated area and [15] suggest that otoliths of black bream (Acanthopagrus butcheri) can be an indicator of exposure to metal contamination [16] . Meanwhile, Li et al. (2011) [17] used thermoluminescence of carp otoliths as finger-print in freshwater pollution.
Given the potential of otoliths as a pollution indicator this study aims to investigate the effect of anthropogenic activities on cultured sea bass otoliths from the elemental content of ambient waters. Elements i.e. Sr, Mg, Ba, Cd and Zn content in otolith were used to ascertain pollution affect from the Sr, Mg, Ba, Cd and Zn contents in ambient waters by grouping the sampling locations based on the pollution level characterisation. Moreover, the relationship between these elements content in water with otolith were determined to reveal the environmental variables effect such as salinity onto otolith chemistry. Hence, the water quality of the sea bass rearing waters in Malaysia was also revealed.
Materials and Methods

Samples and Sampling Locations
Sea bass were collected at the various locations was to differentiate between confined cultured fish and wild free-swimming fish. The cultured fish are exposed to land-based human activities and this will impact to the levels of trace element in the otolith. Cultured sea bass were collected to investigate the terrestrial anthropogenic impact on otolith. A total of 122 sea bass were collected from 24 fish cages and ponds from locations all over Peninsular Malaysia and East Malaysia i.e. Sabah in freshwater, brackish water and seawater. (Figure 1 , Table 1). Most of the sampling locations were close to residential areas near estuaries and the seashore. Fish were collected based on their availability and the estimated ages for the cultured fish samples ranged from 12 to 16 months old based on the rearing fish time and were killed immediately during collection.
The 24 sampling location were characterised into 3 groups based on the impact of anthropogenic activities such as human activities, development status, residential areas density and population of each location for the cultured sea bass. These anthropogenic activities channelled terrestrial run-off such as domestic waste and pollutants and also direct waste such as oil spills to the cultured fish rearing area and later referred to as pollution. Group A is characterised by low anthropogenic impact as these stations have low population density, less human activities and are in an area with limited development. This group is represented by 3 sampling locations i.e. St 2, St 3 and St 4 around Langkawi Island which is a tourism island with major activities such as agriculture, animal husbandry and fisheries [18] . Langkawi Island is an archipelago with geological limestone formation which makes the development infrastructure is limited and boats are one of the main transportation methods between islands. The location of St 2 and St 3 are approximately 5 km and 12 km respectively from the cement factory plant. While, St 4 located 6 km from the main island is a remote archipelago with low population density.
Group B characterised by average anthropogenic impact from a median population density of rural to suburban area with active agricultural activity. The agricultural activity in these sampling stations mostly came from palm oil plantation that channel agriculture and domestic waste to the water body of the sampling locations. Other activities involved in this group are mariculture and fisheries which makes these stations as the main passageway for the small boat.
Group C is characterised by high density population of urban area and/or includes influence from industrial and/or shipping activities in either local or nearby neighbouring countries e.g., Singapore. Some stations (i.e., St 13, St 14, St 15, St 16 and St 17) located in the Straits of Johor are influenced by Malaysia and Singapore's terrestrial anthropogenic waste from industrial activity, shipping activity and domestic waste. The Straits of Johor also had been considered polluted as it receives uncontrollable discharge from coastal area which lead to eutrophication and is not suitable for drinking [19] . Other stations namely St 7, St 8, St 11 and St 24 are located in high density residential area and receive large volume of domestic waste input.
Five of wild sea bass fishes were obtained from five locations namely Setiu, Penggerang, Kota Kinabalu and Sandakan were used to distinguish the natural influence on sea bass compared to cultured sea bass ( Table 2) . Wild sea bass stock is limited in Malaysian waters; hence these fish were bought from local fishermen. The estimated age of the wild fish form 2 -3 years based on the regular growth of wild sea bass [20] . Wild sea bass were caught during spawning at the littoral zone or mangrove area close with the place it was obtained. These fish inhabit natural environment and experience less influenc from anthropogenic impact. The collected fish were kept frozen for further analysis in the laboratory. The fish were then measured and weighed before otolith extraction as shown as otoliths were pluck out from the brain cavity using plastic forceps then, being cleaned with deionised water. After that, the otoliths were stored dry in glass vial and dried in room temperature. Afterwards, the otoliths were weighed on electronic balance with accuracy of 0.1 mg to obtain constant weight. Only right sagittal otoliths were used for elemental analysis as both right and left otolith were similar in weight, length and width (paired T-test, p > 0.05).
The otoliths were then dissolved in 10 mL of HNO 3 and heat to dryness on a hotplate. Subsequently, 10 mL 0.5 N HNO 3 were added before being analysed using Perkin Elmer 9000 Inductively Coupled Plasma Mass Spectrometer (ICP-MS) to determine Sr, Mg, Ba, Cd and Zn. Replicates of Certified Reference Material No. 22 (Otolith) were analysed using the same procedure as otolith samples to validate the analysis method. The recoveries value range 87% -96% from the certified and reference values (Appendix 1).
Ambient Water Samples and Analysis
Ambient waters inhabit by the cultured sea bass were sampled to obtain background information of the environment such as salinity and trace elements content. The salinities of ambient waters were recorded using the calibrated YSI 30 salinometer at the time of the fish sample collection.
Surface water samples were collected using the 12 L of high-density polyethylene (HDPE) containers and acidified with the concentrated HNO3 to pH < 3. In the laboratory, the water samples were filtered using the 0.45 μm of WHATMAN membrane filter to remove the suspended solid. Three replicates of 250 mL of filtered water samples were used to extract the trace elements such as Mg, Ba and Cd using the metal complexation of ammonium pyrrolidinedithiocarbamate (APDC) and continuously extracted into the methyl isobutyl ketone (MIBK) method [21] . The extracted trace elements were diluted then detected. The Perkin Elmer AA800 Flame Atomic Absorption Spectrometer (AAS) was used to detect Mg and Cd while Graphite-Furnace Atomic Absorption Spectrometer (GF-AAS) was used to detect Ba. As for Sr and Zn, the water samples were diluted (1:10 v/v) and then detected directly with ICP-MS. All the The N is number of samples. The n is the number of samples.
glassware being used were soaked in 5% (v/v) of HNO 3 overnight prior to analysis.
Data Analysis
Significance differences between elements in otolith and water were tested with one-way MANOVA based on factors of salinity and groups of the sampling stations and both. Meanwhile, the Pearson bivariate correlation was used to determine the relationship between elements and salinity. Discriminant function analysis (DFA) was used to evaluate the group classification based on elements factors. All the data were not in normal distribution, thus the data was transformed before statistical computation using SPSS version 16.0. Modification of Enrichment Factor (EF) was used to evaluate the dominant source of elements to otolith as indicators for pollution effects. EF is calculated using an Equation (1) where E is the concentration for the elements.
    E Sr otolith EF= E Sr water (1) .
An EF value less than 1.0 is considered to have ambient water origin while EF higher than 1.0 indicates anthropogenic influence in the sample. When the EF value is more than 10.0, it indicates anthropogenic impact onto otolith. In sea bass otolith, Sr substitution with Ca is dominant thus it became the most stable element content in most fish otolith [7, [22] [23] [24] . The Sr act as reference elements which influenced by the origin of the otolith natural elements as a normalizer element.
The Metal Pollution Index (MPI) was used to differentiate the contaminant elements concentration in the bivalves [25, 26] . In this study, MPI was used to indicate the level of pollution of the sampling locations based on elements content in otolith. However only Ba and Zn were used based on the significance present with pollution factor (MANOVA p < 0.05) where C is the concentration of element in the otolith.
Results and Discussion
Element Contents in Otolith
Foreign elements existences such as Sr, Mg, Ba, Cd and Zn in otolith are not physiologically incorporated onto otolith [27] . It is widely reported that Sr and Ba content in otolith correlates with salinity [11] while heavy metal elements such as Cd and Zn distinguish as pollutants from industrialisation activities and urbanization sewage waste [28] . The presence of these element in ambient water as the dominant source of elements incorporation onto otolith reflects the environment inhabit by the fish [23] . The highest element content in otolith is Sr, followed by Mg, Zn, Ba and Cd ( . Figure 2 shows the designation of the elements content based on the effect of salinity series and pollution in all sampling locations. The salinity series was based on Por (1972) [29] thallasic classification of oligohaline (0 -5 psu), mesohaline (6 -18 psu), polyhaline (19 -29 psu) and euhaline (30 -35 psu) . Meanwhile, the pollution factor was based on the impact of anthropogenic activeties on sampling stations as described in Table 2 . The content of Sr was found higher in group A and lower in low salinity stations-oligohaline. However, the stagnant distribution of Sr by salinity and pollution factors is insignificant (p > 0.05), but only significant with pollution (p = 0.001). The content of Sr was high in all groups but highest in the lowest human activity stations (group A). Group C showed a low content of Sr in oligohaline waters (Figure 2(a) ).
Most of the elements showed the highest concentrations in otoliths from Group C samples except for Zn (group A), the lowest concentrations were recorded in group B ( Table 3 ). The contents of Sr, Mg and Cd showed the highest concentrations at St 24 (group C) but Sr and Zn are the lowest in St 6 (group B). On the other hand, Ba content in otoliths shows a distinct inverse relationship with salinity especially in stations under group B even though there was no significant difference (p = 0.053). A clear trend of Ba content towards decreasing salinity was observed in Figure 2(c) with the highest Ba content in oligohaline waters and decreasing to the lowest content in euhaline waters. The content of Mg only shows a slight increasing trend with increasing salinity for group B (Figure 2(b) ). The stations of polyhaline waters (18 -29 psu) were the only salinity series consisting of high Mg content in all groups. Overall, Mg did not show a strong association with salinity and the combination of salinity and group of sampling stations (p > 0.05) with Mg were higher in group A than group C (Figure  2(b) ).
The highest Cd and Zn contents in otoliths were recorded at polyhaline groups C and A respectively (Figures 2(d) and (e) ). Hence, no exact trend was revealed for Cd as a significant difference (p > 0.05) was found for all factors (Figure 2(d) ). However, Zn content in otoliths displayed decreasing trends with the lowest at euhaline stations for group C and A (Figure 2(e) ). The content of Zn in group A was the highest followed by group B and C which were also significantly different by salinity and/or pollution factors (p = 0.000). However, all the elements content in the otoliths were significantly different in terms of salinity, pollution and both factors (p < 0.05) as shown in Table 4 . 
Element Contents in Water
In this study, water samples were referred to as baseline information for otolith incorporation by justification of salinity and element content in water. were below the detection limit for Ba and Cd respectively. It was also found that Cd levels in ambient waters of cultured sea bass in sampling locations was not polluted and were lower than the recommended level by the Malaysia Interim Marine Water Quality Standard (IMWQS). The water in the study area was classified as Class 1 having the quality of preservation, marine protected areas and marine park waters (lower than 0.0005 mg·L In contrast with the safe level of Cd, the level of Zn is high in all locations and highest in group A (Figure 3(e) ). The only safe Cd level in water is in St 20 which is below 0.05 mg·L -1 in Class 2 & E. According to Ooi et al (2005) [30] , water quality of St 3 was classified as Class 3 of IMWQS with the present of organic matter and oil leaching form the boat passing by and port at the jetty deteriorate this area (Table 3 thus, a major input of Zn in group A might be tourism activities as there is a high Zn content in the diesel fuel used in boats around Langkawi Island. Cassella et al. [31] found that Zn content in diesel is generally abundant. The fuel used in boating activities enters the water through direct disposal by the boatman or through leakage from the engine into the water [32] . The level of Zn varied from 3 times to more than 20 times higher than the recommended level of a mariculture area which is 0.05 mg·L -1 with the exception of St 11 and St 21 ( Table 3 ). It was revealed the level of Zn in sea bass cultured waters exceeds the recommended level of IMWQS but is still safe for drinking based on the The (a) is the exact statistic. The (b) is the statistic is an upper bound on F that yields a lower bound on the significance level. The (c) is the design: Intercept + Pollution + Salinity + Pollution * Salinity.
National Standard for Drinking Water Quality (lower than 3 mg·L -1 ). Figures 3(d) and 3(e) suggests that the existence of heavy metals i.e. Cd and Zn in water are pollutants in the ambient waters inhabited by the fish (Figures 3(d) and (e) ). The content of Cd in water does not show any relationship with salinity. Both salinity and pollution have an influence but this element did show any clear trends with regards to pollution (Figure 3(d)) . A higher content of Cd in group B and C support the evidence of pollution input into the study area. All the elements showed a rapid spike in group B and C and are significantly related to salinity (p < 0.05) as shown in Figure 3 . The contents of Sr, Mg and Zn are highest at the stations in group A (Figures 3(a), (b) and (e)) while the highest content of Ba, Cd, and Zn was found in mesohaline waters (Figures  3(c)-(e) ). Mesohaline stations (St 5 and St 8) showed a maximum increment of Sr, Ba, Cd and Zn levels and suggest that 16 -18 psu is the optimal salinity for heavy metals in dissolved intermediate and high pollution waters. Both Mg and Ba showed clear trends with regards to salinity (Figures 3(b) and (c) ) and the content of Mg increased with salinity (p = 0.000). The Mg trend is also more distinct than Sr, suggesting that Mg could be a tracer for salinity variation in water (Figure 3(b) ). The content of Ba in water was scattered and was mostly higher in low salinity oligohaline and mesohaline waters. With regards to salinity and pollution, only Ba was significantly different (p = 0.049). Ba in group C was the highest, suggesting that Ba could act as a tracer for fresh water. The grouping of stations based on pollution factors is significant for all elements (p < 0.05). Ba showed distinct trends of a decrease with salinity in group B. Group C registered the highest level of Ba, suggesting terrestrial input into mesohaline waters (Figure 3(c) ). Overall, all element con tents in ambient water were significantly different based on salinity, pollution and both factors as shown in Table 4 (p < 0.05).
The Relationship between Element Content in Otoliths and Ambient Water
Numerous studies proved that trace elements uptake onto otolith were from ambient water [7, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Foreign elements except Ca mainly from ambient water undergo complex pathways such as blood plasma and membrane before incorporated onto otolith [27] . Kinetics of ion transport from water to the precipitating surface and mechanism function by which of the trace elements determine the incorporation of elements into otolith [27] . . In addition, Ba shows a distinct correlation with freshwater discharge into the ambient water of sampling locations ( Figure  4(c) ). However, enrichment of Ba in otoliths is suspected to have come from terrestrial inputs and natural sources such as limestone or the earth crust ran than from industrial emissions from spatial output [34] . Previous studies recorded that the Ba content in soil at the limestone formation in St 3 ranged from 121.6 to 292.6 µg·g -1 [35] . Similar to otoliths, limestone is an aragonite carbonate structure that is capable of binding with Sr, Mg, Ba and Zn in the form of dolomite minerals. There is a great abundance of these minerals in limestone [36] . This suggests that the leaching of Ba from the limestone formation has a causal relationship with the otoliths in group A due to the declining Ba content in water (Figure 4(c) ).
No exact relationship can be defined from Figure 4 (d) as the high content of Cd in water is not actively incorporated onto the otoliths. It was found that Cd levels in water did not have a significant relationship with pollution, salinity or both in sea bass otoliths (Figures 2(d),  3(d) , Table 4 ). This is similar to the results of work by Milton & Chenery [7] The incorporation of Cd onto otoliths is not consistent, but it might be useful to trace the existence of Cd in water inhabited by fish. A high content of Zn in water and otoliths revealed that Zn derived from the water enters the body and is thus incorporated into otoliths (Figure 4(e) ). The anthropogenic activities affected the content of Zn at all sampling stations especially at group A. In other aragonitic structures, a high content of Zn was recorded in corals at St 3 and St 4, supporting the enrichment of Zn in the water column at St 2, St 3 and St 4 [37] . The content of the coastal sediment nearby recorded Zn levels of as high as 28 µg·g -1 [38] ]. Even though residential area impacts are low in group A, human activities affect Zn content in both otoliths and water (Figures 2(e), 3(e), Table 3 ). Other elements are also present in high concentrations in Langkawi Island. Besides boat transportation within the island archipelago leading to oil leakage in the water, the cement factory and minerals such as sphelarite, hematite and smithsonite leaching from limestone might also contribute to increased levels of Zn [39] . This is supported by the results of Zn analysis from limestone soil at St 3; it was recorded to be as high as 186.33 µg·g -1 [35] . All of these anthropogenic activities and the natural environment might also contribute to the high Zn content in water, otoliths and also in green-lipped mussels (Perna viridis) in Langkawi Island [25] However, the effect of anthropogenic activities is suspected to be the dominant cause.
Otoliths as Pollution Indicators Using EF and MPI
The elemental signatures in wild otoliths act as a baseline to estimate pollution in the study areas. Otoliths of cultured and wild sea bass were compared to assess the content of elements incorporated onto otoliths in natural with unnatural environments. This comparison might provide useful in determining natural elemental signatures as wild sea bass travel from rivers towards the sea and migrate between these water bodies [20] . Meanwhile, cultured fish are only exposed to the environment in which they are cultured and are thus affected by terrestrial input from riverine and/or sea-based activities. Figure 5 shows that the contents of Sr, Mg and Ba were related to the conditions of water column as shows by wild sea bass otoliths. The content of Sr, Mg, Ba and Cd in St 22 show a low content of these elements rather than wild otolith ( Figure 5 ) suggesting that less effect of Cd into the fish otoliths. Other stations such St 18 also show similar trends with St 22 except for Zn. The content of Zn in cultured fish otoliths was five times higher than in wild fish. Meanwhile, St 24, located in the west coast of Sabah, Kota Kinabalu shows a higher content of Cd in cultured fish than in wild fish. With reference to Figure  5 , Wild 1 shows a higher content than cultured fish and Wild 2 ( Figure 5) . Sandakan wild sea bass otoliths had a high content of Ba suggesting that this fish experienced freshwater longer than saline water during its life span (Figure 5(c) ). Cultured fish containing higher Zn content than wild fish suggests that Zn enrichment from anthropogenic and natural variables in cultured waters affects otolith chemistry. This comparison supports the proposition that fish cages and ponds in group B and C are still suitable for mariculture activities despite the high content of Zn revealed.
Several studies have been reported the use of otolith as a pollution indicator [7, 15, 40] . In this study, pollution was shown using EF and MPI. EF Mg value was lower than 1, indicating that Mg content in otoliths was from natural sources as shown in Figure 6(a) . EF Ba and EF Zn values were greater than 1 showing that there were slight anthropogenic influenced on otoliths (Figures 6(b) and  6(d) ). EF Cd was the highest, recording more than 10, indicating that anthropogenic impacts have an effect on otolith content even though Cd content in otoliths and water were low.
It was found that EF Zn , EF Ba and EF Mg were the highest in group A thus indicating that tourism activities in Langkawi Island have an effect on water quality, thus affecting the otoliths of cultured fish (Figures 6(a), 6(b)  and 6(d) ). This supports the proposition that pollutants derived from boat traffic and tourism activity probably affects the Zn content in otoliths more than water. It also suggests that group C stations' contaminants are derived from industrialisation and shipping waste as the trend of EF in the study area was EF Cd > EF Ba > EF Zn > EF Mg .
Metal pollution index (MPI) values were evaluated for elements derived from anthropogenic activities only, such as Ba, Cd and Zn. However, Cd content in otoliths was below the detection level in most stations and thus too low to be quantified by MPI. On the other hand, Mg and Sr content were mainly derived from non-anthropogenic input such as salinity. A high MPI in group A and C suggest enrichment of Ba and Zn in these sampling stations (Figure 7) . MPI also showed that pollution in group A exceeds Group C and Group B despite the anthropogenic activities. It also showed a similar trend in EF and supports the proposition that the pollution in areas of minimum anthropogenic activity was greater than sub-urban and industrialised areas. Nevertheless, Zn content in water and otoliths should be studied further in order to guarantee the safety of consumption of sea bass from the group A stations. Discriminant function analysis (DFA) was used to classify the suitability of the group of sampling locations. DFA classified 100% for group A, 71% for group B and 68.9% for group C (Figure 8) . The most easily distin guishable group is Group A thus supporting the elevated contents of the elements. The significant difference of the elements grouped by anthropogenic impacts (p = 0.000) was based on 73.8% of the original group cases being correctly classified by region of sample collection (Figure 8) . The grouping of the sampling locations based on anthropogenic activities and population of the sampling area was considered acceptable and can be used for future research. The elemental effects of each group were dependent mostly upon Mg, Zn and Ba, followed by Sr and Cd.
Conclusion
This study revealed that Ba content in otoliths can act as a tracer of salinity variation between freshwater and saline water inhabited by the fish. However, the influence of salinity on otoliths is considered a natural impact and therefore does not reflect anthropogenic-source pollution inputs. On the other hand, Sr content in otoliths was insignificant at all stations and was found to be unsuitable as a salinity marker. Heavy metal elements such as Cd and Zn that existed in the otoliths were from anthropogenic sources such as industrialisation and urban waste from around the sampling stations. The value of EF and MPI was used to ascertain pollution levels by using otoliths as an indicator but MPI had a greater effect than EF in Zn content specification. In line with these findings, urbanisation and industrialisation does not seem to have a greater influence on pollution levels than tourism activity, especially when compared to boating activities within the Langkawi Island archipelago. Thus, otoliths are able to indicate that Zn pollution in the study area is influenced by anthropogenic activities. The overall content of the elements in otoliths and water were Sr > Mg > Zn > Ba > Cd and Sr > Ba > Mg > Zn > Cd respectively.
